
 

DEPARTMENT OF THE AIR FORCE 
AIR FORCE INSTITUTE FOR OPERATIONAL HEALTH (AFMC) 

BROOKS CITY-BASE TEXAS 
 

 
 

8 Feb 04 
 
MEMORANDUM FOR 72 ABW/CC  
 
FROM: AFIOH/SDR 
 2350 Gillingham Drive 
 Brooks City-Base TX 78235-5103 
 
SUBJECT: Consultative Letter, IOH-SD-BR-CL-2004-0005, Radium/Radon Monitoring and 

Dose Assessment Due to Past Luminous Paint Operations at Tinker AFB OK 
 
 
1. Introduction:  HQ USAF/SG directed the Air Force Institute of Operational Health’s 
Radiation Surveillance Division (AFIOH/SDR) to investigate potential radiation exposures to 
personnel working in and around buildings that may have previously housed radium painting 
operations.  From 27-31 October 2003, Capt Néstor Ruiz, 1Lt Bruce Murren, SSgt Jennifer 
Peters, and SSgt Tammy Hintz performed an assessment of residual radioactivity,1 specifically 
radium-226 and its progeny (including radon-222).  The objective was to ensure compliance with 
Air Force Instruction (AFI) 48-148, Ionizing Radiation Protection, 12 October 2001.  The team 
evaluated external and internal (inhalation and ingestion) personnel radiation exposure pathways 
within Building 201, the associated infrastructure, and portions of the sanitary and storm sewer 
systems.  Measured radon concentrations and radiation exposure rates in Building 201 did not 
exceed standards for the general public.  Environmental samples (e.g. soils, sewer sediment, 
water) were not collected and as such, the presence of residual radioactivity in the sewers or 
inaccessible building infrastructure could not be precluded.  However, exposure rates measured 
in the sewers did not exceed applicable standards for the general public.  Monitoring and 
sampling is required before and/or during any intrusive activities in impacted areas.2  Survey 
methodology, results, conclusions, and recommendations are detailed in the following 
paragraphs. 
 

                                                 
1 “Residual radioactivity” as defined in NUREG/CR-1575, Multi-Agency Radiation Survey and Site Investigation 
Manual (MARSSIM), is “radioactivity in structures, materials, soils, groundwater, and other media at a site 
resulting from activities under the cognizant organization's control.  This includes radioactivity from all sources 
used by the cognizant organization, but excludes background radioactivity…  It also includes radioactive materials 
remaining at the site as a result of routine or accidental releases of radioactive material at the site...”  Technically, 
radioactivity describes the mean number of nuclear transformations occurring in a given quantity of residual 
radioactive material per unit time, however “residual radioactivity” will be used in this letter in accordance with 
the MARSSIM definition.  An "impacted" area is an area with "reasonable chance of containing residual 
radioactivity in excess of natural background or fall-out levels." 
2 Intrusive activities are those that involve or result in the disturbance of materials at a location known or suspected 
to contain residual radioactivity.  They may result in unwarranted personnel exposures, contamination of other 
areas, or an environmental release, and can be of an investigative (floor scabbling, pipe investigations, soil 
sampling/coring, sediment sampling, etc.) or removal (removal of flooring, plumbing, paint, walls, HVAC 
components, structural components, drains, etc.) action nature. 
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2. Background:  Based on historical records, instrument repair and luminous painting operations 
using radium paint were conducted in Building 201.3  Similar operations at other Air Force 
locations revealed residual radioactivity (from radium) in expected areas such as exhaust 
ventilation systems, waste drains, and floors.  The U.S. Army Corps of Engineers conducted a 
records search in 1989 and indicated that the radium dial painting room was “completely 
removed” to include ventilation ducts and dry walls.  As per the report, the remaining room shell 
was “tested” to insure that there was no further contamination.  In 1996, OHM Remediation 
Services performed remediation work on the south side of Building 201.  Remediation efforts 
consisted of soil removal and demolition of a concrete ramp.  Soil clean up criteria used for 
unrestricted release was 5.0 pCi/g for radium-226.  Building 201 is now occupied by the 72 
MSS/DPE and used for training. 
 
3. Instrumentation and Methods: 
 

a. External Exposure Pathway Assessment:  Personnel have potential external exposures to 
gamma radiation from “fixed” residual radioactivity, if present.  Surfaces were scanned with 
gamma scintillators, and “gamma count rates” measured, to identify elevated radioactivity from 
residual radioactivity (presumably from radium).  The scanning pattern consisted of moving the 
detector in an “S” motion approximately 12 inches above the surface.  For each location of 
elevated radioactivity, radiation “exposure rates” were measured using pressurized ion chambers.  
See Attachment 1 for specific instrumentation used. 

 
b. Internal Exposure Pathway Assessment:  Personnel have potential internal exposures to 

alpha, bet, and/or gamma radiation from inhalation or ingestion of “removable” radioactivity, if 
present, and/or from inhalation of radon-222 (radium-226 progeny).  To determine if removable 
radioactivity was present, 47 mm-diameter papers were wiped on various surfaces of elevated 
radioactivity over an area of approximately 100 cm2 using moderate pressure and analyzed using 
laboratory proportional counters.  Alpha scintillation probes were also used to measure “alpha 
count rates” on surfaces of elevated radioactivity.  To measure radon concentrations, passive 
electrets ionization chambers were left at various locations for 1-3 days.  In addition, alpha track 
monitors were left at various locations to measure the average annual radon concentration and will 
be collected in November 2004 for analysis.  See Attachment 2 for alpha track locations. 

 
c. Background Measurements:  To determine if a location is elevated in radioactivity due to 

residual radioactivity, natural background radiation must be subtracted from the measurements.  
The background location (Building 1) was chosen due to having similar construction as the 
impacted areas.  The average background radon concentration inside Building 1 was 0.45±0.15 
picoCurie per liter of air (pCi/L).  The average exposure rate inside Building 1 was 0.013±0.004 
milliRoentgen per hour (mR/hr).  Average background gamma count rates in and around Building 
1 were 6.0±2.4 thousand counts per minute (kcpm) for concrete areas inside and outside, 5.4±2.3 
kcpm for vinyl and carpeted areas, and 7.2±2.7 kcpm for grassy areas.  Locations were considered 
elevated in radioactivity if they exceeded Investigation Levels (IL) of twice the average 
background gamma count rate (error added) for the corresponding surface type.  See Attachments 
3-5 for background measurements. 
                                                 
3  AFRPA Briefing, “The Magnificent Seven –Air Depots and Luminous Painting: Learning from the BRAC 
Experience,” Ed Bailey, Booz Allen Hamilton 

Distribution:  Approved for public release; distribution is unlimited  2



 

 
d. Building 201 Survey Method:  Areas of interest inside Building 201 were chosen based on 

a review of all available drawings.  The areas with a high potential of containing residual 
radioactivity were then scanned.  Areas identified with a high potential include wall and floor 
surfaces; pipe clean outs, floor drains, sinks, or toilets; and any locations containing potentially 
impacted ventilation system components.  Locations were considered elevated if they exceeded 
ILs of 15.4 kcpm for carpet/vinyl floors, 16 kcpm for concrete floors and 20.0 kcpm for grass/soil 
areas.  Locations close to, or in excess of, the IL were swiped to assess removable residual 
radioactivity.  Exposure rates were measured at 1-meter (health physics standard practice).  These 
1-meter exposure rate measurements were consistently within the range of natural background 
radiation random fluctuations and hence indistinguishable.  For all impacted locations, we 
documented exposure rates at contact to provide a worst case.  These at-contact measurements 
become critical information for risk analysis during any remediation activities. 
 
4. Results: 
 

a. External Exposure Pathway Assessment: 
 

(1) Building 201, Interior:  The average exposure rate inside Building 201 was 
0.008±0.003 mR/hr.  Measured ambient exposure rate inside the radium room was 0.009 mR/hr.  
No locations in Building 201 exceeded the ILs as discussed below.  See Attachment 3 for gamma 
radiation data. 
 

Radium Room (Classroom 5):  The measured exposure rate was 0.009 mR/hr.  No 
gamma radiation measurements exceeded the IL. 
 

(2) Building 201, Exterior Perimeter:  The perimeter was scanned within 1-meter of the 
building for elevated radioactivity.  No location exceeded the IL. 
 

(3) Storm Sewer System and Sanitary Sewer System:  Exposure rates of one accessible 
manhole in front of Building 201 measured between 0.010-0.050 mR/hr both outside and inside.  
Gamma radiation measurements of the pipes inside the bathrooms located at the north side were 
indistinguishable from natural background.  No sewer lines or storm drains were identified around 
the northwest side of the building. 
 

b. Internal Exposure Pathway Assessment (Radon and Removable Residual Radioactivity): 
 

(1) Building 201:  The average indoor radon concentration ranged from 0.0-6.7 pCi/L over 
two days, with an average concentration of 1.2±0.2 pCi/L.  Inside the radium room the average 
radon concentration was 0.5±0.2 pCi/L.  The maximum concentration of 6.7 pCi/L was measured 
inside a restroom with poor ventilation and is not representative of an occupational environment.  
From this short-term data, the average radon concentration in Building 201 does not exceed the 
action level of 4 pCi/L.  All gross alpha, beta, and gamma radioanalysis results reported were 
below the minimum detectable activity of 0.02 pCi/cm2for gross alpha/beta or 0.5 pCi/cm2 for 
gross gamma.  See Attachments 5-6 for E-PERM® data and calculations. 
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Radium Room (Classroom 5):  The average radon concentration measured was 0.5±0.2 
pCi/L.  Swipe results were negative for removable residual radioactivity and are listed in 
Attachment 7. 
 
5. Conclusions: 
 

a. The average exposure rate and radon concentrations inside Building 201 and the radium 
room do not represent an increased occupational hazard to workers.  The average exposure rate of 
0.008 mR/hr and annual exposure of 16 mR do not exceed dose limits for the general public of 2 
mR in any hour or 100 mR above the average dose received from natural background in a year as 
specified in AFI 48-148. 
 

b. Personnel in Building 201 are not exposed internally to residual radioactivity as none was 
detected. 
 

c. Short-term radon screening results indicate that personnel in Building 201 are not exposed 
to elevated concentrations of radon gas.  The average building radon screening measurement of 
1.2 ± 0.2 pCi/L does not exceed the action level for indoor radon of 4 pCi/L as specified in AFI 
48-148, nor does the average radon screening measurement in any room.  The only exception, the 
men’s restroom, is not representative of a working environment. 
 

d. Personnel are not exposed to elevated radioactivity in the grass and paved areas 
immediately outside Building 201.  Historical records indicate that radiological soil surveys and 
soil remediation efforts were conducted on the south side of Building 201.  The historical 
documents reviewed provided no survey data details specific to either the release or clean up 
criteria used for the radium room “shell”.  Therefore, the radium room “shell” should be 
considered impacted until environmental investigations and/or surveys indicate otherwise. 
 

e. Personnel are not exposed to elevated radioactivity in storm sewer or sanitary sewer 
manholes immediately outside Building 201.  However, the presence of residual radioactivity 
beyond the interior of Building 201 (including associated sewer lines) could not be precluded.  As 
such, any disturbance of the infrastructure or sewer lines associated with Building 207 could result 
in unwarranted personnel exposures, contamination of other areas, or an environmental release. 
 
6. Recommendations: 
 

a. Restrict any intrusive activities on the floors, walls, and pipes in the radium room.  Consult 
with the installation radiation safety officer (RSO) and contact the USAF Radioisotope Committee 
(RIC) prior to intrusive activities in these areas to determine if a USAF radioactive material 
(RAM) permit is necessary, in accordance with AFI 40-201, Managing Radioactive Materials in 
the US Air Force, 1 September 2000.  Monitoring and sampling should be conducted before 
and/or during any intrusive activities in impacted areas. 
 

b. Update applicable engineering drawings to indicate the potential existence of residual 
radioactivity in Building 201.  Ensure future projects involving Building 201, and any associated 
residual radioactivity, are coordinated through the installation RSO. 
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c. Recommend immediate assessment of Building 201 infrastructure and associated 

downstream sewer lines to establish follow-on environmental investigation requirements, 
remediation requirements, and/or access restrictions, for potentially impacted locations.  
Environmental investigations will identify the presence and extent of any further residual 
radioactivity; help determine applicable local, state, and federal regulatory requirements; and 
guide remediation efforts.  The presence of residual radioactivity may require restrictions/controls 
to prevent unwarranted personnel exposures, contamination of other areas, or an environmental 
release.4 
 

d. AFIOH surveys of three other former luminous paint facilities found residual radioactivity 
in each of their associated infrastructure and sewers.  These normally inaccessible areas were not 
sampled during this survey, therefore, the sanitary and storm sewer systems should be considered 
impacted until environmental investigations or surveys indicate otherwise. 
 

e. Notify the USAF RIC if any further residual radioactivity is found to ensure compliance 
with Air Force radioactive material permit requirements. 
 

f. Any items removed that resulted from radiological remediation efforts must be properly 
screened and, if necessary, disposed as low level radioactive waste in accordance with AF 
instructions, and all applicable State or Federal regulations. 
 

g. Perform a radiological survey for Building 201 in accordance with U.S. Nuclear 
Regulatory Commission NUREG 1575, “Multi-Agency Radiation Survey and Site Investigation 
Manual (MARSSIM),” prior to building demolition or deed transfer (e.g. base closure). 
 

h. If further guidance is needed on environmental investigations, radiological remediation 
efforts, or radioactive waste disposal, contact the Environmental Health Physics Branch 
(AFIOH/SDRE) at DSN 240-3486. 
 

i. Collect alpha track monitors in November 2004 and submit to RSSI, Inc. for analysis along 
with the five control blank alpha tracks.  RSSI will send the results to AFIOH/SDR for 
compilation.  AFIOH/SDR will send a report with the results to the base at that time. 
 

                                                 
4 The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) requires actions be taken 
to respond directly to releases or threatened releases of hazardous substances that may endanger public health or the 
environment.  Radium is listed in the 2003 CERCLA Priority List of Hazardous Substances.  The Agency for Toxic 
Substances and Disease Registry (ATSDR), in conjunction with the Environmental Protection Agency (EPA), 
developed the listing to specify those hazardous substances that pose the most significant potential threat to human 
health due to their known or suspected toxicity and potential for human exposure at sites listed on the designated 
National Priorities List. 
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7. AFIOH/SDR thanks the 72 AMDS/SGPB and 72 MSS/DPE for their support and help which 
resulted in an enjoyable and productive survey.  If you have questions or need further assistance, 
please contact Maj Craig Bias or Capt Néstor A. Ruiz at DSN 240-3486, (210) 536-3486, or the 
ESOH Service Center at 1-888-232-ESOH. 
 
 
 

SCOTT M. NICHELSON, Lt Col, USAF, BSC, CHP, CIH 
Chief, Radiation Surveillance Division 

 
Attachments: 
1. Survey Instrumentation 
2. Alpha-Tracks (long term radon monitoring) location list 
3. Gamma radiation survey background data & survey map 
4. Raw data-Pressurized ionization chamber 
5. Raw data- E-PERM® 
6. E-PERM® calculation results 
7. Swipe sample results 
 
cc: AFMSA/SGPR  

HQ AFMC/SGPB 
HQ AFMC/CEV 
HQ USAF/ILEV 
72 AMDS/SGPB 
AFRPA/EV 
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